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1. I n t r o d u c t i o n 
In a previous r epor t , four methods of determinat ion of 0. 1 M 
l i thium hydroxide solutions with a final accuracy of 0 .02% 
were desc r ibed . As these methods , which a r e not se lec -
ri 7 
t ive, have to be applied to Li and Li solutions for the p r e ­
para t ion of isotopie blends, and no chemical ly pure Li or 
7 
Li samples were avai lable , a purification method of l i thium 
was needed. 
The pur i ty of the final l i thium has to be such, that the r e s i ­
dual impur i t i e s do not cause any hygroscopy that might d i s ­
tu rb g r a v i m e t r y of the formed l i thium sa l t s , and that co r ­
rec t ions for sys temat ic e r r o r s a r e prac t ica l ly negligible. 
F u r t h e r , the l i thium has to be in such a form that i t s t r a n s ­
formation into a pure 0. 1 M aqueous hydroxide solution i s 
poss ib le . 
L η 
The mos t impor tan t impur i t i e s found in enriched Li or Li 
samples were a lka l i - and a lka l i - ea r th meta l s (up to 0. 15% 
together) . 
Different separa t ions of l i thium from these e lements were 
r epor t ed e a r l i e r , but they were mos t ly l imited to one or 
two e lements , and few authors give indications about the 
absolute pur i ty of the separa ted l i thium fraction. Most of 
(2-6^ these methods a r e based on ext ract ion , precipi ta t ion 
(7-12) , . . . (13-35) 
x , or ion exchange chromatography 
Neve r the l e s s , the most recent of them all concern s e pa ra ­
t ions on cation exchange r e s in s in the hydrogen form. An 
impor tan t study of the behaviour of the alkali me ta l s in p r e sence of Dowex 50 and Duolite C3 in the sys tem HCl· 
(35) H 9 0 - CH OH was done by Nelson v ' . The descr ibed s 
para t ion method is based on this work. 
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2. P r i n c i p l e of t h e M e t h o d 
In diluted hydrochlor ic acid the alkali me t a l s a r e r a t h e r 
s t rongly absorbed by ca t ion-exchanger s like Dowex 50, 
whereby l i thium i s the l eas t absorbed one. F r o m the va lues 
(35) 
of the dis t r ibut ion coefficients as de te rmined by Nelson 
for Dowex-X4 it can be seen that quantitat ive separa t ions 
mus t be poss ib le . 
To obtain st i l l h igher se lec t iv i t ies i t i s useful to use a 
r e s i n with a higher DVB-content ("X16"). 
The descr ibed purif icat ion was pe r fo rmed on AG 50W-X16 
(50/100 mesh) , a Dowex 50W-X16 special ly purified for ana ­
lyt ical pu rposes . Never the le s s , fur ther purif ication of this 
r e s i n was n e c e s s a r y . 
This was made by batch opera t ions w i t h E . D . T . A . in Li OH 
medium, concentra ted hydrochlor ic acid and final elution with 
1 M hydrochlor ic acid. 
3. E x p e r i m e n t a l D e t a i l s of t h e M e t h o d 
3 . 1 . E lemen t s of i n t e r e s t and the i r de terminat ion 
3 . 1 . 1 . Lithium 
Lithium was local ized in the eluate and de te rmined for the 
calculation of the dis t r ibut ion coefficients by t rans format ion into 
and calcination as sulfate. 
In the case of the Κ , - d e t e r m i n a t i o n s 5 ml fract ions containing 
7 to 15 mg of l i thium sulfate were analysed. Under these con­
ditions a p rec i s ion of 1-2% can be obtained. 
3 . 1 . 2 . Sodium, po tass ium, bery l l ium, magnes ium and ca lc ium 
During the de terminat ion of dis t r ibut ion coefficients and 
purif ication fac to r s , these e lements were de termined r e l a -
tively by t rac ing them with Na, K, Be, " Mg and Ca. 
The f i r s t four i so topes were m e a s u r e d by in tegra l γ -counting 
45 
with a Nal(Tl) Well-type scinti l lat ion counter , Ca by r e l a ­
tive β -counting. During the separat ion tes t Li /Mg, m a g ­
nes ium was de termined photometr ica l ly with titan yellow. 
3 . 1 . 3 . T r a c e analys is in ion-exchangers and purified l i thiums 
Ion-exchangers were calcined and purified l i thiums dried 
as l i thium chlor ide . The res idues were analysed for m e t a l ­
l ic impur i t i e s by the emiss ion spec t rographic serv ice of the 
C . B . N . M . 
3 .2 . Determinat ion of dis tr ibut ion coefficients (Κ ,) 
Distr ibut ion coefficients for l i thium, sodium, po tass ium, 
bery l l ium, magnes ium and calcium were de termined for com­
m e r c i a l grade Dowex50W-Xl6 by batch equil ibrat ion t e s t s on 
1-2 g r a m s oven dr ied r e s in and 10 ml of hydrochlor ic acid. 
Κ ..-values were calculated from re la t ive m e a s u r e m e n t s of α 
ident ical fract ions of blanks and samples using the formula: 
M -M ml 
Κ 
d M1 g 
in which: 
M. = the total amount of the ion t 
M, = the amount p resen t in the liquid 
ml = the number of mi l l i l i t e r s of hydrochlor ic acid. 
g= the number of g r a m s of oven-dr ied r e s in . 
A s u m m a r y of the obtained re su l t s is given in figure 1. 
Separat ion factors β = Κ , /Κ a r e summar ized in figure 2. 
M Li 
F r o m this figure it can be seen that an efficient separat ion 
(β > 2) can be expected between 0. 5 and 2 M hydrochlor ic acid. 
To avoid contamination of the separa ted li thium by t r ace i m ­
pur i t i e s contained in the ion-exchanger , it is impor tan t that the 
Κj -va lues of the e lements to be separa ted a r e l a rge , but a too 
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la rge K, -va lue for l i thium leads to broadening of the l i thium 
peak in the effluent. 1 M hydrochlor ic acid was chosen as 
eluant. The K , - and ß-values der ived from figures 1 and 2 
for this medium were summar i zed in Table I. 
3. 3. Determinat ion of purification fac tors (P. F . ) 
3 . 3 . 1 . Method of separa t ion 
Separat ions were pe r fo rmed on 3 cm d iamete r quar tz columns 
filled with a quantity of r e s in equivalent to 80 g r a m s of oven-
dr ied Dowex 50W-X16 ( «400 m e q . ) . Before the separa t ion 
begins the r e s i n is washed with bidis t i l led water , until chloride 
ions a r e fully removed . 
On the other hand 0 .5 g of l i thium and 100 to 500 /Ug of a t r aced 
a lka l i - or alkali ea r th me ta l a r e absorbed on 16 g r a m oven-
dr ied Dowex 50W-X16 ( « 8 0 m e q . ) by mixing during 30 minu tes . 
After settling of the r e s in and décantat ion of the solution, the 
wet r e s in is t r a n s f e r r e d to the top of the column. The elution 
i s per formed with (1.00 + 0.02) M hydrochlor ic acid. 
The effluent i s col lected in 50 ml polyethylene r ec ip i en t s . 
3 . 3 . 2 . Determinat ion of purification fac tors 
Separat ions of L i / Na, L i / K, L i / Be, Li /Mg and L i / Ca 
mix tu re s were made under the conditions descr ibed above. 
General ly 85-90% of the l i thium were local ized in the fract ions 
6-9 or 7-10, and the concentrat ion was at a max imum in f r a c -
tion 8 or 9. 
Purif icat ion factors (% li thium / % t r a c e r ) for the working 
conditions were de te rmined and summar i zed in Table II. F r o m 
these factors i t can be der ived that under the given conditions 
the separat ion i s quantitative for al l a lka l i - and alkali ea r th 
me ta l s p r e sen t in l i thium at the 0 . 1 % level . 
3 .4 . Purif icat ion of AG 50W-X16 
3 .4 . 1. Introduction 
A f i r s t t es t separa t ion using AG 50W-X16 (50/100 mesh) , 
twice washed with i sopiës t ica l ly dis t i l led 4 N HCl, was done 
under the conditions descr ibed in 3 . 3 . 1 . Isopiëst ical ly dist i l led 
1 N HCl was used as eluant. The r e su l t s a r e summar i zed in 
Table III. 
The high calcium content of the so-ca l led purified product 
could be explained by emmiss ion s p e c t r o g r a p h s analys is of 
the AG 50W-X16, which contained up to 1 eq. % of ca lc ium. 
The res idua l impur i ty level in the purified l i thium is due to 
two sources (fig. 3): MT depending on the purif ication factor 
( P . F . ) and M_ propor t ional to the impur i ty content of the ion 
exchanger and inve r se ly propor t ional to the dis t r ibut ion coef-
ficient (K,) of this impur i ty . In our case - high P . F . and 
impur i ty content of impurif ied li thium in the 0.1 % range -
the f i r s t factor i s negligible, and only the r e s in pur i ty has 
an influence on the puri ty of the purified l i thium. F o r this 
r ea son i t was impor tan t to improve the pur i ty of the ion-
exchanger used. 
Two methods were tes ted for this purpose : 
- batch operat ions with hydrochlor ic acid of appropr ia ted 
concentrat ion 
- batch opera t ions w i t h E . D . T .A . at appropr ia ted pH. 
3 . 4 . 2 . Hydrochlor ic acid method 
F r o m fig. 1 it appears that the K . -va lues a r e propi t ious b e -
tween 3 and 6 M for calc ium, and at high mola r i t i e s for the 
other e lements of i n t e r e s t . F u r t h e r i t is advantageous to 
take the ra t io HCl : r e s in as high as possible for each batch 
opera t ion. This i s l imited by the necess i ty to use impor tan t 
quanti t ies of ex t ra pure acid, and by the puri ty of the acid 
10 -
used. 
It was decided t o proceed with a 5 : 1 ra t io 5 M HCl a i r 
dr ied AG 50W-X16. 
Tes t purif icat ions were c a r r i e d out with ' sup rapur ' HCl 
(Merck A. G . / G e r m a n y ) and with i sop iës t ica l ly dis t i l led HCl. 
10 g r a m fract ions of r e s in were mixed for two hours by m a g -
netic s t i r r ing with 50 m l HCl in c losed teflon conta iners and 
decanted after set t l ing. After each batch operat ion the r e s in 
was r insed with 50 m l bidis t i l led wa te r . After the las t batch 
operat ion this r ins ing was repea ted th ree t i m e s . 
The r e s in was then t r a n s f e r r e d to a plat inum crucib le , dr ied 
for one night at 100°C and calcined. Impur i t i es were d e t e r -
mined by emiss ion spec t rography. The r e su l t s summar i zed in 
Table IV show that the calc ium contamination i s lowered by a 
factor 20-40. No impor tan t lowering of the impur i ty content 
of the other alkali me t a l s i s obtained. 
3 . 4 . 3 . E . D . T .A . method 
Ethylene diamine t e t r a acet ic acid being spar ingly soluble in 
water , and the stabi l i ty of i t s calcium complex inc reas ing 
with increas ing pH, i t seemed n e c e s s a r y to neut ra l ize EDTA 
with a b a s e . 
NH OH has the inconvenience that eventually contaminating 
NH . ions cannot d i rec t ly be de te rmined by emiss ion s p e c t r o -
graphy or act ivation ana lys i s . 
F inal ly LiOH was p r e f e r r e d : i t can eas i ly be de te rmined by 
emiss ion spect rography, and the Li -ion is the ea s i e s t one to 
r inse from the ion exchange r e s in with hydrochlor ic acid. 
3 . 4 . 3 . 1 . Influence of the pH 
Batch operat ions on 10 g of a i r - d r i e d r e s in (approx. 30 m e q . ) 
were c a r r i e d out in p re sence of different amounts of l i thium 
hydroxide. The ion exchanger was mixed for 2 hours with 
2.92 g of EDTA (10 mmol) and 30, 40, 50, 60 and 70 mmol 
­ 11 
of LiOH in 50 m l of wate r . As the distr ibution coefficient 
of l i thium for AG 50W­X16 i s ve ry high in neu t r a l ­ and 
alkaline medium, one can consider that 30 mmol of LiOH 
neu t ra l i zes the r e s in , and the r e s t forms r e s p . H „Y, 
4 
LiH Y, L i 2 H Y, LÌ3HY and Li 4 Y. 
After sett l ing of the r e s i n and décantation of the solution, 
the r e s in was r insed with bidis t i l led water to e l iminate 
E . D . T . A . Two other batch operat ions with 30% HCl ' supra­
pu r ' were made to el iminate Li, Na, K and Mg, which have 
v e r y low dis t r ibut ion coefficients in this medium. The Κ , ­
value of Ca being high, one can eas i ly apprecia te the i n ­
fluence of the E . D . T .A . t r ea tmen t on the el imination of 
calc ium from the r e s in (Table V). 
3 . 4 . 3 . 2 . Resul t s for L i .Y 
Two batch opera t ions with Li Y, followed by two o thers with 
3 0 % hydrochlor ic acid (Merck AG­Suprapur) allow ra the r 
good purif icat ions of AG 50W­X16. 
Neve r the l e s s , i t was n e c e s s a r y to pe r fo rm a supplementary 
r ins ing of the purif ied ion­exchanger with 1 M ' sup rapu r ' 
HCl to el iminate completely the l i thium ions . This supple­
m e n t a r y elution leaded to a gain of a factor 10 on the sodium 
el iminat ion too. 
A compar i son of the impur i ty levels of the or iginal r e s in 
v e r s u s the purified r e s in is given in Table VI. 
4. R e s u l t s a n d C o n c l u s i o n 
400 g r a m aliquote of AG 50W­X16 cation exchanger were puri · 
fied by success ive batch operat ions with: 
1. 400 m m o l E . D. T. A. and 2800 m m o l LiOH i n a total 
volume of 2 1. 
2. 400 m m o l E . D . T . A . and I6OO mmol LiOH i n a total 
volume of 2 1. 
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3. 2 1 30% 'Suprapur ' hydrochlor ic acid . 
4. 2 1 30% 'Suprapur ' hydrochlor ic acid. 
After the f i r s t t h ree batch opera t ions the ion-exchanger was 
washed with 1 1 bidis t i l led water , and after the th i rd one 
th ree t i m e s . Then, quar tz columns were filled with quant i -
t ies equivalent to 80 g r a m s of the oven-dr ied r e s in , 
(«400 m e q . ) and e lut e d with 3 1 1 M. hydrochlor ic acid 
and 0 .5 1 bidis t i l led water . The whole operat ion was made 
in a glove box to avoid contamination f rom the a tmosphe re . 
On the other hand, quanti t ies of 25 g a i r - d r i e d unpurified 
AG 50W-X16 ( « 8 0 m e q . ) were mixed for 30 minutes with 
approximate ly 75 m m o l LiOH solution in 20-25 m l . 
After sett l ing of the l i th ium-charge d r e s in , the supernatant 
solutions were decanted, and the wet r e s i n s t r a n s f e r r e d to 
the top of the different columns. 
Elut ions were pe r fo rmed with (1.00 + 0.02) M HCl ' s u p r a -
p u r ' , and eluates collected in polyethylene rec ip ien ts of 
50 m l . 1 ml aliquote were analysed by t rans format ion to 
and weighing as l i thium sulfate. 
General ly , 80 - 90% of the s tar t ing l i thium were r ecove red 
in fract ions 7-9 or 8-10 of the e luate , with max imum con-
centra t ion in fract ions 8 or 9. 
7 6 
2 g Li and 1.8 g Li were purified following this scheme, 
and analysed by emiss ion spec t rography (Table VII). 
As can be seen f rom Table VII the total a lka l i - and a lka l i -
ea r th level can be reduced to approximate ly 50 /Ug/g Li , 
which is low enough to allow accu ra t e t rans format ions of 
l i thium into sulfate, without m e a s u r a b l e hydroscopy (<0 .01%) . 
It i s impor tant that this can be done without m e a s u r a b l e con-
tamination using ' sup rapu r ' sulfuric acid. This allows one to 
p r epa re l i thium sulfate containing as few as 3-5 /Ug/g Li_SO 
13 
a lka l i ­ and a lka l i ­ ea r th m e t a l s , which can be used for the 
p repa ra t ion of spec t rographic s t anda rds . The s i l ic ium 
found i s probably due to the uti l izat ion of quar tz columns. 
The use of teflon columns will probably el iminate th is , but 
the quantity found i s unimportant for volumetr ic as well as 
for g r av ime t r i c ana lyses with p rec i s ions of 0.02 % 
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TABLE I 
K , ­ and p­values for Dowex 50W­X16 in 1 M HCl 
Element 
Li 
Na 
K 
Be 
Mg 
Ca 
Di s t r i b , coëff. K , α 
2 .45 
6 . 4 
22 .3 
9.6 
14.0 
230 
Sep. factor p M / L i 
1 
2 . 6 
9 . 1 
3 . 6 
5 . 7 
94 
TABLE II 
Purif icat ion factor s for L i /Na , K, Be, Mg, Ca 
for the working conditions 
Separat ion 
L i / 2 2 N a 
L i / 4 2 K 
L i / 7 B e 
Li /Mg 
L i / 4 5 C a 
% of Lithium 
in the 4 maxin 
86 % 
89 % 
90 % 
90 % 
85 % 
% of t r a c e r 
i u m fract ions 
0 .3 % 
< 0 .9 % 
0.003 % 
< 1. 1 % 
< 0 .04 % 
P . F . 
280 
> 100 
30.000 
> 80 
> 2150 
17 
T A B L E IH 
R e s u l t s of a t e s t s eparat ion us ing AG 50W-X16, twice washed 
with i s o p i ë s t i c a l l y d i s t i l l ed 4 N HCl 
E l e m e n t 
Na 
K 
Mg 
Ca 
ppm before 
separat ion 
260 
90 
720 
120 
Expected (based 
on P F ) 
< 1 
< 1 
< 1 0 
< 1 
ppm dtd by E m . 
Spectrogr . after 
separat ion 
< 60 
< 60 
60 
2400 
T A B L E IV 
E l i m i n a t i o n of Ca f r o m AG 50W­X16 by b a t c h o p e r a t i o n s 
wi th 5 M HCl 
ι 
N u m b e r of 
b a t c h o p e r a t i o n s 
0 
1 
2 
3 
4 
5 
6 
p p m 
HCl 
in r e l a t i o n 
' s u p r a p u r ' 
ilOOO 
512 
192 
168 
76 
52 
30 
to o v e n ­ d r i e d r e s i n 
HCl ' i s o p . d i s t . ' 
« 1000 
880 
400 
188 
90 
­
17 
T A B L E V 
In f luence of the n e u t r a l i z a t i o n of E . D . T . A . on the e l i m i n a t i o n 
of c a l c i u m f r o m AG 50W­X16 
N e u t r . of E . D. T . A . 
H 4 Y 
L i H 3 Y 
L i 2 H 2 Y 
L i 3 H Y 
L i 4 Y 
mg C a / g oven d r i e d r e s i n 
212 
96 
38 
9 
5 
- 18 
TABLE VI 
Comparison of the impurity levels of the original res in 
versus the purified res in 
Element 
Na 
K 
Rb 
Cs 
Mg 
Ca 
Ba 
Sr 
Si 
F e 
Al 
Cu 
1 
Original resin Purified resin 
(/Ug/gram of oven dried resin) 
10 
8 
< 8 
< 8 
4 
«1000 
4 
4 
1 
< 4 
4 
, 4 
< 0 .05 
< 0 . 1 
« 0 .25 
« 1 
~ 0 .5 
0. 1 5 - 0 . 3 
< 0. 15 
< 0. 1 
2 . 5 
0 . 3 
f« 1 
« 0 . 5 
TABLE VII 
6 7 
Pur i ty of Li and Li purified by the desc r ibed method 
Element 
Na 
K 
Mg 
Ca 
Si 
F e 
other 
metals 
/ug/ g Li 
Li th ium-6 
10 
5 
15 
< 5 
50 
20 
not detec 
Lithium-7 
25 
25 
15 
< 5 
< 50 
< 50 
table by 
emiss ion spec t rography 
103 
102 
10 
1 
Kd 
-
\ ^ _ 
Li 
M HCl 
1 
103 
102 
10 
1 
«d 
Be 
M HCl 
10 10 
IO3 
102 
10 
I 
Kd 
-
v_ 
Να 
I 
M HCl 
10 
IO3 
102 
10 
1 
0 
Kd 
\ 
\ t 
1 
5 
Mg 
M H C l 
10 
103 
102 
10 
! 
Kd 
K 
ι 
MHCI 
103 
IO2 
10 
1 
Kd 
- V V. Ca _ _ _ _ _ _ _ _ 
M HCl 
1 J 
10 10 
Fig.1 Kcj- values of Li, Na, K, Be,Mg,Ca on Dowex 50W-X16 
in hydrochloric acid medium 
200 
100 
80 
60 
40 
20 
10 
8 
6 
1 
0.8 
0.6 
Q4l· 
02 
0.1 
Ρ M/Li 
o o 
MHCI 
0 1 2 3 A 5 
Fig. 2 ß(M/u) values for Dowex 50W-X16 in HCl medium 
υ c o o 
TMI ml effluent 
Fig.3 Separation Li/M on an ion-exchanger 
containing M as impurity 
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